Minimally invasive colorectal resection (MICR) for colorectal cancer (CRC) is associated with elevated levels of seven proangiogenic proteins that persist for 2-4 weeks after surgery. The proangiogenic plasma may promote tumor growth postoperatively in patients with residual cancer. To the best of our knowledge, the impact of surgery on interleukin 8 (IL-8) levels is unknown. The aim of the present study was to evaluate plasma IL-8 levels after MICR for CRC. Patients with CRC enrolled in an institutional review board-approved plasma/data bank who underwent MICR were eligible. Blood samples were taken preoperatively (preop) and at multiple postoperative (postop) time points, and were stored at -80˚C. Only patients for whom preop, postop day (POD) 1, POD 3 and at least 1 late postop plasma samples (POD7-34) available were enrolled. Clinical, demographical and pathological data were collected. IL-8 levels were determined via ELISA and results were reported as the mean and ± standard deviation. The Wilcoxon signed rank test was used for analysis with P<0.05 used as the significance threshold. A total of 73 CRC patients (colon, 62%; rectal, 38%) who underwent MICR (laparoscopic-assisted, 60%; hand-assisted, 40%) were studied. The mean preop IL-8 level was 20.4±10.6 pg/ml. Significant elevations in plasma IL-8 levels were noted compared with preop levels on POD1 (43.1±38.6; n=72; P<0.0001), POD 3 (33.0±30.1; n=71; P<0.0001), POD7-13 (29.9±21.9; n=50; P<0.0001), n=24; P=0.002), and for the POD21-27 time point (24.0±9.2; n=16; P= 0.002). In conclusion, plasma IL-8 levels were significantly elevated from baseline for 4 weeks after MICR for CRC. In conjunction with the other proangiogenic MICR-associated blood compositional changes, increased IL-8 levels may promote tumor angiogenesis and growth postop.
Introduction
Surgery is the mainstay of treatment for patients with colorectal cancer (CRC). Where indicated, chemo-and radiotherapy are also utilized either pre-or postoperatively and have improved the outlook of CRC patients. However, despite these treatments 25-30% of patients undergoing 'curative' resection develop tumor recurrences from unrecognized tumor microfoci and the majority eventually succumb to the cancer (1, 2) . Notably, there is both clinical and small animal evidence that the surgical trauma associated with resection of the primary tumor may promote the growth of residual tumor deposits in the weeks following surgery, making the postoperative period a crucial period for cancer patients (3) (4) (5) (6) (7) . The cause(s) of this surgery-associated tumor stimulation is unclear, however, these effects have been attributed to the transient immunosuppression attendant to major surgery as well as the loss of tumor generated inhibitors of angiogenesis following resection of the primary tumor (8) (9) (10) . There is also human evidence, reported during the last decade, demonstrating that colorectal resection is associated with proangiogenic plasma protein changes that persist for 3-5 weeks after surgery.
Plasma levels of the following proangiogenic proteins have been shown to be persistently increased after minimally invasive colorectal resection (MICR): Vascular endothelial growth factor (VEGF), angiopoeitin-2 (Ang-2), placental growth factor (PIGF), soluble vascular adhesion molecule-1 (sVCAM-1), monocyte chemotactic protein-1 (MCP-1), human chitinase 3-like 1 (Chi3L1), matrix metalloproteinase-3 (MMP-3), and others (11) (12) (13) (14) (15) (16) . It has also been shown via in vitro endothelial cell (EC) culture studies that plasma from weeks 2 and 3 after MICR significantly stimulates endothelial cells to proliferate, migrate, and invade when compared to EC culture results obtained with the same patients preoperative plasma (12, 17) ; these EC activities are critical to angiogenesis. It is possible, then, that the long duration proangiogenic plasma protein elevations may promote angiogenesis in residual tumor deposits left behind after resection of the primary tumor.
Interleukin-8 (IL-8), a member of the CXC chemokine family, is a powerful chemoattractant for neutrophils, basophils and T cells. IL-8 has also been shown to promote angiogenesis, tumor growth, and metastasis in several murine models (18) . IL-8 is notably upregulated in colorectal and other cancer types and has been shown to promote angiogenesis as well as enhance proliferation and survival of tumor cells through autocrine activation (18) (19) (20) . In addition exogenous IL-8 has been shown to stimulate tumor cell proliferation (21) . IL-8 blockade has been demonstrated to inhibit tumor growth (22) . IL-8 also plays a role in and is a marker of tumor progression and metastatic disease for a wide range of cancers including gliomas as well as breast and prostate cancers (23) (24) (25) . Finally, IL-8 is prominent in keratinocytes after IHC staining; this presence suggests that it is a cell migration and chemotactic factor for keratinocytes, suggesting that IL-8 plays a role in wound healing (26, 27) .
The effect of minimally invasive colon resection (MICR) on postoperative (postop) plasma IL-8 levels is unknown. If IL-8 levels are elevated postop, IL-8 may contribute to the proangiogenic state of plasma following surgery and may also directly promote tumor cell growth in patients with residual tumor post resection. The purpose of this study was to assess plasma levels of IL-8 in CRC patients during the first 5 weeks following MICR.
Patients and methods
Study population. CRC patients who underwent elective MICR at Mount Sinai West Hospital (formerly Roosevelt Hospital) between October 2007 and April 2012 who had been enrolled in an IRB approved multicenter prospective tissue and data bank were eligible for the present study. The broadly stated purpose of this tissue banking effort was to study the physiologic, immunologic, and oncologic ramifications of major abdominal surgery. Enrolled patients underwent minimally invasive laparoscopic-assisted or hand assisted laparoscopic surgery alone and did not receive a novel drug or other therapy. The indications and type of surgery as well as the demographic, operative, and short-term recovery data were prospectively collected for all the patients. Recently transfused patients, immunosuppressed patients (medication-related and HIV + ), and those who received radio-or chemotherapy within 6 weeks of surgery were excluded. Patients undergoing urgent or emergent surgery were, similarly, excluded. Clinical, demographic, and operative data were obtained from this IRB approved data bank [Mount Sinai School of Medicine IRB no.: GCO no. 1:16-2619 (0001)] and the hospital and office charts as well as operative and pathology records.
Blood sampling and processing. Only those CRC MICR patients for whom adequate preoperative (preop) and postoperative (postop) plasma specimens were available were eligible. As per the tissue banking protocol research dedicated blood samples were obtained preoperatively, on postoperative days (POD) 1, 3, and, if possible, at one or more time late point(s) beyond POD 7. Only those patients for whom adequate volumes of plasma were available for the preop, POD 1, POD 3, and 1 late time point (or more) were enrolled. As post discharge blood samples were taken at the time of follow-up office visits, it was not possible to obtain the late specimens on the same postoperative days, thus it was necessary to 'bundle' the late samples into 7 day time blocks (POD7-13, POD14-20, POD21-27, and POD 28-34) that were each considered as single time points. Specimens were collected in heparin-containing tubes, and were processed within 5-6 h of collection. After centrifugation at 450 x g for 10 min, the plasma was frozen and stored at -80˚C until the assays were performed.
IL-8 determination. Plasma IL-8 levels were analyzed in duplicate using a commercially available enzyme-linked immunoabsorbant assay (R and D Systems, Minneapolis, MN, USA) according to the manufacturer's instructions. IL-8 concentrations (pg/ml) were calculated using a standard curve made for every assay and were reported as mean ± SD for PreOp vs. PostOp IL-8 comparisons.
Statistical analysis. Demographic and clinical data are expressed as the mean ± SD for continuous variables. In the analysis of preop vs. postop IL-8 levels in CRC patients, the Wilcoxon signed rank test was used for analysis. Comparisons of IL-8 levels of male vs. female patients, the hand-assisted vs. laparoscopic subgroup and patients who had postoperative complications vs. patient who had no post-operative complications were carried out using the Mann Whitney test. Correlation between postop plasma IL-8 levels and age, incision size and length of surgery was assessed by the Spearman's rank correlation coefficient (rs). Data analysis was performed using SPSS version 15.0 (SPSS, Inc., Chicago, IL, USA).
Results
A total of 73 CRC patients (36 males, 37 females; mean age 65.8±12.8 years) who underwent MICR were included in the study. Of the 73 patients, 45 patients (62%) had colon cancer, while 28 patients (38%) had rectal malignancies. The majority of patients underwent laparoscopic-assisted resection (60%), whereas the remainder (40%) underwent a hand-assisted or hybrid laparoscopic procedure. The breakdown of operations performed was as follows: Right colectomy, 31.5%; LAR/anterior resection, 30.1%; transverse/left colectomy, 16%; sigmoid/rectosigmoid, 12.3%; and other 11%. The mean incision length was 7.75±3.51 cm and the mean length of stay was 6.35±2.6 days (Table I ). The final cancer stage breakdown was as follows: Stage I, 27.5%; Stage II, 27.5%; Stage III, 41%; and Stage IV, 4%. Ten different types of complications were noted (n for each complication in parentheses): Pleural effusion (n=1), C-Diff colitis (n=1), ileus (n=8), urinary retention (n=6), urinary tract infections (n=2), superficial wound infection (n=1), seroma (n=1), pulmonary hypertension (n=1), tachycardia (n=1), and small bowel obstruction (n=1). Some patients had more than 1 complication. There were no perioperative deaths.
Comparison of preop vs. postop IL-8 plasma levels in CRC patients. The mean preop IL-8 level was 20.4±10.6 pg/ml (n=73) ( Fig. 1) . When compared to preop levels, significant elevations in the mean plasma IL-8 levels (pg/ml) were identified on POD1 (43.1±38.6; n=72, P<0.0001), POD 3 (33.0±30.1, n=71, P<0.0001), POD7-13 (29.9±21.9, n=50, P<0.0001), POD14-20 (33.1±18.3, n=24, P=0.002), and for the POD 21-27 (24.0±9.2, n=16, P=0.002). There was no significant difference in plasma levels noted on POD 28-34 (vs. preop). As the 'n' for the POD 1 and later time points was <73 and unique for each time point, the preop baseline level for each of these time points was somewhat different. This is reflected in Fig. 1 , which provides in bar graph form the mean preop baseline level for each postop time point. The percentage increase from baseline at each time point was: POD 1, 111%; POD 3, 63%; POD 7-13, 53%; POD 14-20, 45.0%; POD 21-27, 42%; and POD 28-34, 24%.
There was no statistically significant correlation found between age and IL-8 levels preoperatively or at any of the post-operative time points. Similarly there was no significant statistical difference found between male and female patients as regards plasma IL-8 levels preoperatively or at any post-operative time point. Of note, no significant correlation was found between cancer stage and preoperative IL-8 plasma levels. To assess whether incision size (i.e., extent of abdominal wall trauma) correlated directly with the extent of the IL-8 elevation noted postoperatively, the hand-assisted laparoscopic subgroup's (n=29, mean incision length 10.54 cm ± 3.19) mean IL-8 levels at each time point were compared to the laparoscopic-assisted subgroups results (n=44, mean incision length 5.63 cm ± 2.29). The hand-assisted groups mean IL-8 levels were significantly higher than the laparoscopic-assisted groups results on POD 1 (P=0.02) and 3 (P=0.017), however, there were no significant differences noted for the POD 7-13, POD 14-20, POD 21-27, and POD 28-34 time points.
As mentioned, there were 23 complications noted in this patient population. Plasma IL-8 levels of patients who developed complications were compared to the levels identified in the larger subgroup which had no complications. As the 'n' for all but 2 of the complications was low, it was not possible to do individual analyses for each complication, therefore, the patients with complications were considered together as a group and compared to the no-complication group. On POD 3 the postoperative IL-8 level was significantly higher in the sub-group of patients who had complications vs. the no postoperative complication sub-group (30.5 CI 23.8:75.5; n=14 patients vs. 21.8 CI 18.1:27.9; n=57, P=0.039). There were no significant differences identified between the complication group and the no-complication group at the other 4 postop time points, however, the complication groups median IL-8 levels were slightly higher at several of the postop time points.
Discussion
The vast majority of surgery-related blood protein alterations are short-lived with a duration of 6 h to 5 days, as is the case for CRP, IL-6, IL-2, EGF, HGF, IGFBP-3 and others (28) (29) (30) . Most of the short duration blood compositional changes are related to the acute phase inflammatory response to surgical trauma and anesthesia. The present study demonstrates that unlike the above proteins, postop plasma IL-8 levels are significantly elevated from the preop baseline for up to 4th weeks after MICR for CRC. Of note, the percentage change from baseline for the mean plasma IL-8 levels was relatively large, between 45 and 111%, for the first 4 postop time points assessed (through the 3rd week following surgery).
As mentioned earlier, over the last decade it has been found that there is a group of proteins that demonstrate similar patterns of sustained elevation in plasma levels during the first month after surgery. Notably, although these proteins each have numerous actions and effects, all play some role in the complex process of angiogenesis. IL-8, although better known for its other effects, has been shown to promote tumor angiogenesis in murine and in vitro studies (18, 19) . Additionally, IL-8, interleukin-8; SD, standard deviation; LAR, lower anterior resection; AR, anterior resection; APR, abdominoperineal resection. Li et al showed that MMP-2 and MMP-9 expression in EC's were enhanced by recombinant human IL-8, suggesting that IL-8 is involved in the degradation of extracellular matrix which facilitates EC migration, invasion, and capillary tube organization (31) . Lastly, indirect evidence that IL-8 plays a role in angiogenesis can be found in experimental data demonstrating that IL-8 confers resistance to anti-VEGF therapy as regards colon cancer (32) . Thus, it is not altogether surprising that IL-8 joins the group of 7 proteins listed in the introduction that all exhibit sustained increases during the first month after surgery. However, what the etiology of the IL-8 increase after surgery is remains to be determined. Various types of cancer including colon have been shown to express IL-8 (CXCR8) and its receptors CXCR1 and CXCR2 (23) (24) (25) . Although IL-8 levels have been shown to be elevated in colorectal cancer patients, the tumor, once removed, cannot account for the postoperative elevation. Since IL-8 plays a role in angiogenesis as well as keratinocyte chemotaxis, it is possible that the healing surgical wounds may be the source of the added protein. Both angiogenesis and the attraction of keratinocytes to a surgical site are critically important to wound healing and, thus, the levels of IL-8 in the wound may be notably increased. If this is the case then IL-8 may diffuse from the wounds into the bloodstream. It is also possible that the etiology of the IL-8 increase may vary at different postop time points. The fact that IL-8 levels directly correlated with incision length on POD 1 and 3 (hand vs. lap. assisted comparison) but not for the rest of the 1st month after surgery is consistent with there being a different early mechanism. A likely candidate is the short-lived acute inflammatory response that occurs after major surgery and has been shown to directly correlate with incisional length (29, 30) . Perhaps after the acute response the healing wounds are the principal source of the added IL-8 in the blood stream. There is evidence that the healing wounds may be the source of the long duration increase in plasma VEGF levels noted after surgery, mentioned above. Wound levels of VEGF have been found to be much higher than plasma levels in a variety of surgical patients (33) (34) (35) . The authors are currently conducting several studies investigating plasma and wound levels of the above listed proteins after MICR and hope to settle this issue.
The possible ramifications of persistently elevated IL-8 plasma levels after surgery remain to be elucidated. It is possible that the growth of residual tumor deposits may be stimulated since IL-8 has been shown to promote tumor growth in numerous experimental studies (19, 20, 23) . It is also possible that IL-8, via different mechanisms, may encourage tumor angiogenesis (18, 19) . There is EC in vitro cell culture evidence that plasma from the second and third weeks after MICR or open surgery for CRC stimulates EC's to proliferate, migrate, and invade at a significantly higher rate when compared to results from EC cultures into which the same patients preoperative plasma was added (12, 17) . Those results suggest that the net effect of the sustained elevations of IL-8 and the other proangiogenic proteins may encourage angiogenesis during the early postoperative period. It is the authors' hypothesis that tumor angiogenesis may be stimulated in patients with residual cancer following surgery.
Direct evidence for this hypothesis is provided by Peeters et al study of patients with synchronous CRC and liver metastases that noted that CRC resection (liver lesions left intact) was associated with an increase in the intra-and peri-tumoral vascular density of pre-existing liver metastases 6-12 weeks after surgery (36) . In addition, 2 serial PET scan studies of similar patients with synchronous disease noted that the mean and max SUV values of liver metastases were significantly increased 6-12 weeks after CRC resection; of note, in a control group of patients that received no treatment, SUV values were not appreciably changed (37, 10) . Since FDG uptake, reflects, to some extent, tumor vascularity, these studies indirectly support the above hypothesis. Additional clinical evidence linking the persistent elevation of IL-8 and the other proangiogenic proteins to enhanced tumor growth after MICR is needed before it will be reasonable to conclude that these surgery related changes have clinical import. If surgery is truly associated with a period of enhanced tumor growth then it behooves us to develop anti-cancer treatments that can be given safely to cancer patients in the perioperative period. Such agents must inhibit tumor growth but not interfere with wound healing.
Weaknesses of the present study include the relatively small number of late post-operative plasma samples and the need to bundle the late samples into 7 day time blocks for the statistical comparisons. The logistical impossibility of scheduling outpatient follow-up visits on a particular postoperative day as well as the fact that most patients returned to the office only once during the first 3 weeks after surgery are the reasons for the lower 'n's for the late time points and the need to bundle the specimens. This study concerned only patients who underwent minimally invasive surgery (either laparoscopic-assisted or hand-assisted laparoscopic). No patients in this study group had open CRC surgery. At our center approximately 85% of colorectal resections are performed using MIS methods. Further research is planned to evaluate perioperative plasma IL-8 levels of CRC patients who undergo open colorectal resection once blood samples for an adequate number of open resection patients are accumulated in the tissue bank. The final cancer stage for the vast majority (97%) of the patients included in this study was Stage 1, 2, and 3. In all of these cases the resections were judged to be R-0 resections, based on pathologic assessment of the specimens. In the three Stage 4 patients, 2 had liver metastasis and 1 had abdominal wall metastasis. In these Stage 4 patients the primary tumor was resected and the resections were judged to be R-0 in all cases. Of note, in the 3 Stage 4 patients, the residual tumor may express IL-8 postoperatively and contribute to the postop plasma elevations. When the 3 Stage 4 patients are excluded, the overall results are not altered. Further research is required to investigate plasma IL-8 levels in patients with R-1 resection. Another weakness is that there is insufficient intermediate and late oncologic follow-up data for the study population to permit an assessment of whether the extent of postop IL-8 elevation correlates with recurrence rates or overall survival.
In summary, the present study has demonstrated that MICR for CRC is associated with significant elevations in the plasma concentrations of IL-8 when compared to preoperative baseline levels. Increased blood levels persisted for the first month. The etiology of these changes is uncertain; however, the acute inflammatory response and the healing wounds may play a role. The clinical ramifications of the IL-8 changes are unclear. The IL-8 findings when considered in light of the prior demonstration that plasma levels of at least 7 other proangiogenic proteins are similarly increased raises the possibility that tumor growth may be stimulated during the first month after surgery in patients with residual but unknown metastases. Further investigations to confirm the results of the present study are required.
